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l>revtously it was shown that  the r eac t ion  of per f luoro isobuty lene  (PFIB) with p r i m a r y  amines  leads 
to  the N-subst i tu ted  imidoylf luor ides  of (~-hydrohexaf luoroisobutyr ic  acid,  the dehydrof luor inat ion of which 
is a convenient  method for  the synthes is  of e i ther  N-a lkyl -  or N-a ry lb i s  ( t r i f luoromethyl)ketenimines  [2]. 
It was postulated that  N-acylbis  ( t r i f luoromethyl)ketenimines  could be synthes ized  f r o m  PFIB and acid 
amides  by an analogous sequence of r eac t ions ,  which compounds have defini te in te res t  in connection with 
studying the reac t iv i ty  of f luor ine-conta in ing he te roeumulenes .  

However ,  it proved that the ma in  r eac t i on  products  of PFIB and earboxyl ic  acid amides  a r e  the ni-  
t r i l e s  of the cor responding  acids and ~ -hydrohexaf luoro i sobu ty ry l  f luor ide.  Nei ther  N-acyla ted  imidoyl -  
f luor ides  nor ke tenimines  were  detected in the r eac t ion  mix tu re .  This  r e s u l t  is apparen t ly  due to the fact  
that  the mult iple  bond in PFIB is a t tacked by the nucleophilic oxygen of the ca rboxamido  group of the a m b i -  
dent amide ,  This  leads to the in t e rmed ia te  iminoes t e r  (I), which then decomposes  to give the end product .  
The addit ion product  of AcOH to PFIB undergoes  a s i m i l a r  decompos i t ion  [3]. 

RCONH2 ~ x  -'~ (CF3)~CHCF=NCOR 
(CF3)2C=CF~ + F H~N 

........ �9 I 

(CFa) 2CHC~,_~C--R 

(I) 

H = CH3, CnHs 

Due to its low nucleophil iei ty,  benzenesu l fonamide  does  not r eac t  with PFIB.  At the s a m e  t ime,  in 
[4] it was es tab l i shed  that  PF1-B r e a c t s  eas i ly  in CH3CN solution with the K sa l t  of benzenesul fonamide  (ID. 
Since the compos i t ion  of the r eac t i on  products  could be judged only by the r e su l t s  of hydrolyzing the r e a c -  
t ion mixture ,?  a study of this  r eac t i on  was continued by us.  

It p roved  that  the r eac t i on  of PFIB with sa l t  (II) ( reactant  mole  r a t io  = 2 : 1) g ives  in quant i ta t ive 
yield the CIl3CN-soluble adduct of N-benzenesul fonyl -b is  ( t r i f luoromethyl)ketenimine with KF (V) and 
(CF3)3CH. ]?he s t r u c t u r e  of (V) was proved  by its convers ion  to ~ -hydrohexa f luo ro i sobu ty r i c  acid N-ben-  
zenesulfonimidoylf luor ide  (VI) by t r e a t m e n t  with anhydrous HC1 and to sulfonamide (III) by hydro lys i s ,  and 
a l so  by synthes is  f r o m  KF and N-benzenesulfonylbis  ( t r i f luoromethyl)ketenimine (VII). Ketenimine (VII) 
could be obtained by the dehydrof luor ina t ion  of imi~oyl f luor ide  (VI) using the complex  Et3N. BF 3 (cf. [1 ]). 
As a resul t ,  it is obvious that when PFIB r e a c t s  with sa l t  ffI) the benzenesul fonamide  anion adds to the 

*See [1] for  Communica t ion  11. 
TTwo products  were  isola ted:  ~ -hydrohexa f luo ro i sobu ty r i c  acid N-benzenesul fonamide  (III) and t r i f l uo ro -  
methylmalonic  acid mono-N-benzenesu l fonamide  flV). 
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f luoroolefin,  which is accompanied  by the e l iminat ion of F -  f r o m  the d i f luoromethylene  group.  The thus-  
fo rmed  imidoylf luoride (VI) is dehydrof luor inated under the r eac t ion  conditions by the perf luoroisobutylene ,  
which leads to ketenimine (VII) and the hydrof luor inat ion product  of PF1B, namely  (CFs)3CH ([2, 5]). In 
the final s tep of the reac t ion  the F -  adds to ketenimine (VII) to  give adduct (V). 

(CFa)~C=CF~ + C~HsSOuNHK CH~CN (CFa)sC\ ~ NSO2C6H5 

(It)  CF 
F i') K* 

~KF ~ (CF2),C:CF~, KF KF 
) (CFa)~CHCF=IISO~C6H5 - --(CF~hCH ~ (CFs).zC=C=NSO-zC6H5 ----+ 

(vD ~ (vii) 
HCI 

+ H,O 
", [(CFs)~C "'" CF "'" NS0~C~Hs]- K ---"+ (CFs)~CHC0~HSO~C~H~ 

(v) (m) 
EhN. BF, 

(VI) | | +(CF@~C=C=NSO~C6Hs-~ 
--EhNHBF, (VII) 

(V) (CFa>z=C--NSO2C~H5 
--x-+ I I 

(CFahC--C=NSOzC6H5 
(Vm) 

It should be  mentioned that  ke tenimine  (VII) cannot be  genera ted  f r o m  adduct (V) by heating.  Com-  
pound (V) is quite s table  at  20~ but it decomposes  above 100 ~ in which connection the main  decompos i -  
t ion product  is benzenesulfonyl  f luoride.  This  decomposi t ion  is a l so  c h a r a c t e r i s t i c  for  ke tenimine  (VII). 
At the s a m e  t ime  the analogous adduct of hexaf luoroaeetone  with KF, which is  a l so  s table  under  ord inary  
conditions, decomposes  into the s ta r t ing  components  when heated [6]. 

The p rev ious ly  studied bis  ( t r i f luoromethyl)ketenimines  a r e  apparen t ly  a l so  capable  of adding KF to 
give adduots of the (V) type .  However ,  these  adducts cannot be isola ted,  and they only play the ro le  of 
in t e rmed ia te s  during the d imer i za t ion  of the ketenimines  using KF [7]. Ketenimine (VII) does not fo rm 
the d i m e r  (VIII), apparen t ly  due to the low nucleophiliei ty of the m e s o m e r i c  anion of sa l t  (V), which is 
incapable  of adding to ketenimine (VII). 

On the bas i s  of the above said  it could be  expected that  when PFIB is r eac t ed  with sa l t  ffI) in the ab-  
sence  of excess  f luoroolefin,  i . e .  using a 1 : 1 mole  r a t io  of the r eac t an t s  (under the conditions desc r ibed  
in [4]), the reac t ion  product  will be imidoylf luor ide  (VI). Actually,  the imidoylf luor ide  is not dehydro-  
f luorinated in this case ,  but the KF that  is  fo rmed  in the r eac t i on  causes  the deprotonat ion of imidoyl -  
f luoride (VI), which is a s t rong  CH acid .  As a resu l t ,  the r eac t ion  leads to the fo rmat ion  of the sa l t l ike  
compound fiX). This  compound contains the s a m e  m e s o m e r i c  carbaniori  that  is p resen t  in (V), which fol-  
lows f r o m  the complete  s im i l a r i t y  in the IR and laF NMI=~ spec t r a  of both sa l t s ,  and a l so  the i r  chemica l  
equivalence.  Thus,  sa l t  fiX) when t r e a t ed  with anhydrous HC1 is conver ted  to the f ree  CH acid,  namely  
imidoylf luor ide  (VI), and to  sulfonamide (III) by acid hydro lys i s .  The a lkal ine  hydro lys i s  of sa l t  fiX) leads 
to  the saponif icat ion of one CF s group to the carboxyl  group.  The t hus - fo rmed  acid (IV) is decarboxyla ted  
to  give N-benzenesul fonyl t r i f luoropropionamide  (X) 

(II) 
(CFa)sC=CF2 ~ (CFs)~EHCF=NSO~C6H~ + KF --, 

NaHCOa 
---. [(CFa)2C " ' "  CF"" NSO~H6I- [KHF]+ 

(ix) 
CFaCHCONHSOzC6Hs 

I --CO,+ CFaCI-hCO N HSOuC6H5 
COOH (IV) (X) 

The fact that the adduct of ketenimine (VII) withwhicheither KF or salt (IX) is obtained, which, inturn, 
can be regarded as the adduct of ketenimine (VII) with KHF2, when PFIB is reacted with the K salt of ben- 
zenesulfonamide serves as quite definite evidence that this reaction represents the usual example of 
"vinyl" substitution in fluoroolefins. As a result, the statement made in [4] that "allylic" substitution 
also occurs in this reaction, which statement is based on the isolation of acid (IV), must be considered as 
lacking sufficient substantiation (see [8, 9] regarding allylic substitution in the reactions of PFIB with 
nucleophilic reagents). 
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E X P E R I M E N T A L  M E T H O D  

The IIR spec t ra  were taken on a UR-20 ins t rument .  The NI~,IR spect ra  were recorded  on a Perkin 
- -  Elmer  R-12 ins t rument  (60 MHz), and the chemical  shifts were measured  f rom TMS (external standard).  
The 19F NMR spect ra  were recorded  on a Hitachi H-6013 instrument  (56.46 MHz), and the chemical  shifts 
were  meast  red in par ts  per  million f rom CF3COOH (external standard).  

React ion of PFIB wi th the  K Salt of Benzenesulfonamide.  a) To a suspension of 8.4 g (0.043 mole) of 
salt  (II) in 50 ml of abs.  CH~CN, cooled to --40 ~ was added 20 g (0.1 mole) of PFIB. The s t i r red  mixture 
was warmed up to 0 ~ and kept at this t empera tu re  until a homogeneous solution was obtained (hi h), af ter  
which it was heated at 20 ~ for 1 h, the unreaeted PFIB, (CF3)3CH, and CH3CN were vacuum-dist i l led at 
20-25 ~ 50 ml of abs. CH2C12 was added to the residue,  and the obtained precipitate was filtered and dried 
in vaeuo ow~r P203. We obtained 15.5 g (95%) of adduet (V). Found: C 31.46; H 1.41; F 35.63v%; C10H5F 7- 
NOzSK. Calculated: C 32.02; H 1.33; F 35.43%. Infrared spec t rum (inNujol, v, cm-l ) :  1610-1640. 19F 
NMR spec t rum in CH3CN): --30.8 m (CF); --26.2 d .g .  (trans-CF3); --24.6 d .g .  (cis-CF3); JCF 3 _  CF 3 = 

9.6; Je i s_CF 3 _  F = 27.4, J t r a n s - C F  3 -  F = 13 Hz. NMR spec t rum (in CH3CN): 7.35 (center of multiplet 
(C~Hs). 

b) With stirring and cooling in ice, a suspension of 9.7 g (0.05 mole) of salt (If) in 25 ml of abs. 
CH3CN ~ s  added to 10 g (0.05 mole) of PFIB in 25 ml of abs. CH3CN. When the precipitate had dissolved 
the mixture was heated up to 20-22 ~ the CH3CN was then evaporated in vacuo, and CH2CI 2 was added to 
the residue, The precipitate contained 14.8 g (75%) of adduet (IX). Infrared spectrum (in Nuiol, v, cm-l): 
1610-1640. 19F Nh{R spectrum (in CH3CN): --30.5 q.q. (CF); --26.6 d.q. (trans-CF3) , --24.5 d.q. (cis- 

CF3); JCF3--CF 3 = 9.6, Jcis_CF3_ F = 26.6, Jtrans_CF3_ F = 14.5 Hz. 

~-Hydrohexafluoroisobutyric Acid N-benzenesulfonimidoylfluoride (VI). With stirring, dry HCI was 
passed into a suspension of 11 g of adduct (V) in 50 ml of abs. CH2CI 2 until saturated. The precipitate was 
filtered. From the filtrate by distillation we isolated 9 g (90~) of imidoylfluoride (VI), bp 114-116 ~ (6 mm), 
87-89 ~ (8 10 -3 ram). Found: C 35.55; H 1.78; F c~ . 39.33,c. CIoH6FTNO2S. Calculated: C 35.61; H 1.80; F 
39.45[~. Infrared spec t rum (r., cm-1): 1710 (C =N). N}~R spec t rum (in CH3CN): 5.0 d.h.  (CH); 7.8 m 
(CGHs); JCH--  CF = 10.5, J C H _ C F  3 = 7.7 Hz. lSF NMR spec t rum (in CH3CN): --84 m (CF); --15.4 t 
(CF3); JCF 3 - F  = J C F  3 - H  = 8  Hz. 

N-Benzenesulfonylbis( tr i f luoromethyl)ketenimine (VII). To a solution of 2.5 g of the Et3N.BF~ com-  
plex in 5 m] of abs.  ether was added 5 g of imidoylfluoride (VI) in 5 ml of abs. ether.  The mixture was 
kept at 20 ~ Jlor 4 h and the precipi tate  was f i l tered.  Disti l lation of the fi l trate gave 1 o6 g (35%) of keteni- 
mine (VII), bp 58-60 ~ (7-10 -'3 mm). Found: C 37.85; H 1.61; F 35.52; N 4.42%. Ci0HsF~NO2S. Calcu- 
lated: C 37.83; H 1.58; F 35.96; N4.44%. Infrared spec t rum (~, cm-~): 2055 (C=C=N).  19F NMR 
spec t rum (in ether) :  --22.1 s. 

Keterrimine (VII) (2.8 g) was slowly heated up to 250 ~ We obtained a mixture of products,  the dis t i l -  
lation of which gave 1 g (70%) of benzenesulfonyl fluoride, bp 77-78 ~ (7 mm). ~9F NlVIR spec t rum (in ether):  
--147 s. In a s imi la r  manner,  f rom 1.5 g of adduct (V) by heating up to 250~ (0.008 ram) we ob- 
tained 0.4 g (62~%) of benzenesulfonyl fluoride.  A suspension of 0.36 g of KF, 2 g of ketenimine (VII), and 
10 ml of abs.  CH3CN was s t i r red  at 20 ~ until a homogeneous solution was obtained. The CH3CN was r e -  
moved in vacuo, and the solid res idue was washed with CH2C12, and then with ether .  We obtained 1.5 g 
(63%) of adduct (V), which was identical (NMR) with that descr ibed above. 

Chlor:nat ion of Adduct (IX). With shaking, 3 g of chlorine was passed into a suspension of 3 g of 
(IX) in abs.  CH2CI2, the precipi ta te  was fil tered, and the CH2C12 was distilled f rom the f i l t rate.  The r e s i -  
due was (CF3)2CC1CF = NSO2C6H 5 (XI) as an oil. t~F NMR spec t rum (in CC14): --74 h (CF); --9 d (CF3); 
J = 9.5 Hz. The crude (XI) was dissolved in aqueous acetone, and when exothermic react ion had ceased 
the mixture was poured into water .  Extract ion with ether gave 2.3 g of (CF3)2CC1-- CONHSOzC~H5 , mp 
83-85 ~ (froll~ hexane). Found: C 32.48; H 1.68; F 31.42%. C10H6C1F6NO3 s. Calculated: C 32.52; H 1.62; 
F 30.93%. !:nfrared spec t rum (v, cm-1): 1735 (C =O), 3230-3280 (I-rB). ~gF NMR spec t rum (in CC14): --10 
S .  

Hydrolysis  of Adducts (V) and (IX). A mixture of 3.1 g of adduct (IX) and 10% HC1 solution was 
heated up to 100% The mixture af ter  cooling was extracted with ether to give 2.45 g (92%) of sulfonamide 
(III), mp 154-157 ~ (from CHCt3) [4]. NMR spec t rum (in CH3CN): 3.8 h (CH); 5.25 br .  s. (N-H); 7-7.75 m 
(C6H5). tgF N1VI~ spec t rum:  --14.5 d; J = 8 Hz. 
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A solut ion of 2.2 g of adduet (V) in wate r  was ac id i f ied .  The p r e c i p i t a t e  contained 1.8 g (90%) of su l -  
fonamide (III). 

With shaking, 4.2 g of adduct (IX) was d i s so lved  in s a tu ra t ed  NaHCO 3 solution.  Af te r  20 h the so lu-  
t ion  was ac id i f ied .  Ex t rac t ion  ~dth e ther  gave 1.7 g (54%) of sul fonamide (X), which was ident ica l  (N1V[R) 
with that  d e s c r i b e d  in [4]. 

Reac t ion  of PFIB with Ace tamide .  With s t i r r i n g  and cooling, 18 g of PFIB was pa s sed  in 2 h into a 
solut ion of 2.5 g of a ce t amide  in 30 ml of abs .  d ig lyme.  The s t i r r i n g  was continued for  3 h at 20 ~ Then, 
with heat ing up to  100 ~ a mix ture  of (CF3)3CH , (CH~)2CHCOF, and CH3CN (GLC) was d i s t i l l ed  into a t r ap  
(--78 ~ in a vacuum of 70 ram. Dis t i l l a t ion  over  conc. H2SO 4 gave 6 g (71%) of (CF3):CHCOF , which was 
ident i f ied  via the 19F NIVIR s p e c t r u m  and by convers ion  to  (CF3)2CHCOOC2H 5 by t r ea tmen t  with a lcohol .  

C ONC LU SI ONS 

i. The adduets of N-benzenesulfonylbis (trifluoromethyl)ketenimine with either KF or KHF 2 are 
formed when perfluoroisobutylene is reacted with the K salt of benzenesulfonamide. 

2. N-Benzenesulfonylbis (trifluoromethyl)ketenimine was synthesized and some of its properties 
were studied. 
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